DNA origamis provide plenty of platforms for constructing drug-delivery systems in nanoscale. In this work, we developed triangular DNA origami in 120nm around by M13mp18 DNA strand scaffold propagated in E. coli ER2738, which shows desired thermodynamic stability and well biocompatibility. It is tested the proposed DNA origami performance on loading doxorubicin, which is a chemotherapy medication used to treat cancer. In cell intervention experiments, the obtained complex with doxorubicin achieve acceptable performances on penetrating ovarian cancer cells and inhibiting production of A2780 ovarian cancer cells. This DNA nanotechnology provides an efficient nanoscale drug delivering systems or drug cargo system for inhibiting the reproduction of ovarian cancer cells in vitro.
INTRODUCTION
DNA nanotechnology is the design and manufacture of artificial nucleic acid structures for technological uses [1] [2] [3] [4] [5] , such as molecular machine [6] [7] [8] and DNA computers [9] [10] [11] . In this field, DNA is used as nonbiological engineering materials for programming tools in nanotechnology. In DNA nanotechnology, DNA origami focuses on creating non-arbitrary two-and threedimensional nanostructures at the nanoscale [12] .
In 2006, the scaffolder DNA origami technique is proposed and plenty of potential applications are suggested in [13] . One of the most important applications of DNA origami is for developing drug delivery or drug cargo systems. However, until 2010, most applications of DNA origamis are remain in a concept or testing phase [14] . Researchers focus on the design of DNA origami with different shape or functions, such as DNA origami tubes [15] [16] , square lattice [17] [18] [19] [20] , rectangular [21] [22] , triangular [17, [23] [24] [25] [26] [27] [28] ] and so on.
Finding possible applications of DNA origamis, particularly in nanoscale, is becoming a promising branch in DNA nanotechnology. One of the most important one is taking or carrying drugs in molecular level to deliver them to targeting position in cell or tissue. This is due to the fact that DNA can be used as elemental materials to assemble functional structures, where molecular drugs can be embedded and deliver directly to targeting cells with help of DNA nanostructure to penetrating cells.
The general idea is to use DNA molecular as basic materials, such as bricks or tiles to form drug carriers. Since the cell has less rejection reaction to DNA, so the developed DNA nanostructure can help drugs entering cells. The concept is quite clear, but not easy to design and check the performance of DNA origamis. The first step should test the improvement of DNA origami to drugs in penetrating cells or cancer cells.
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In the recent five years, with the properties of penetrating cells well, drug loading capability, thermodynamic stability and well drug releasing efficiency, DNA origamis provide natural and feasible platforms for constructing drug-delivery systems in nanoscale. In 2017, it is formulated in [29] that the thermodynamic stability, cytotoxic effects, pharmacokinetic, drug loading and releasing capacities of DNA origami drug complex are formulated as four elemental challenges of DNA origami applications in cancer therapy. The size of DNA origami play vital roles in drug delivery: DNA origami of bigger sizes can take or load more drugs but decreasing their ability of penetrating cells. As well, the cost of assembling DNA origami of bigger sizes will increase heavily when a large number of carriers are needed to deliver drugs.
In [30] , it is found that A7RC peptides could enhance the uptake of vesicles by MDA-MB-231 cells, leading to stronger cytotoxicity in vitro and higher accumulation of vesicles in MDA-MB-231 xenografts in vivo, which make A7RC-LIPs be a promising drug carriers for anticancer. Adriamycin is frequently used in chemotherapy but it has cytotoxin. DNA nano structures designed as a carrier of Adriamycin can drastically reduce the toxic side effects and increase the circulation time [31] . Moreover, inserting Adriamycin into DNA template, using DNA as carrier is a new concept in DNA aptamer area. It is reported in [32] that Tamoxifen embedded in lipid bilayer improves the oncotarget of liposomal daunorubicin in vivo. An updated review paper on DNA origami based nanoscale drug deliver system can be found in [33] .
In this work, we develop triangular DNA origami in 120nm around by M13mp18 DNA strand scaffold propagated in E. coli ER2738. The proposed DNA origami triangular show desired thermodynamic stability by AFM scanning images, and also have good biocompatibility. The proposed triangular DNA origami is used to load doxorubicin, and achieving the complex of DNA triangular and doxorubicin. In cell intervention experiments, our complex has acceptable performances on penetrating ovarian cancer cells and inhibiting production of A2780 ovarian cancer cells 27% more than general doxorubicin. The proposed triangular DNA origami in 120nm provides an efficient nanoscale drug delivering systems for inhibiting the reproduction of ovarian cancer cells in vitro with DNA nanotechnology.
The design and thermodynamic stability of DNA triangular origami
It starts by design DNA triangular origami in 120nm by software caDNAno reported in [17] for designing twoand three-dimensional DNA origamis. Since caDNAno cannot calculate the thermodynamic properties, it needs spatial structure analysis and thermodynamic property calculating tools to evaluate the thermodynamic stability of designed DNA rectangular origami, and then select an optimal candidate. Here, Nanoengineer in [27] is applied for the three-dimensional spatial structure analysis of DNA origami, and the thermodynamic property can be calculated by submitting analyzing tasks to CanDo server [28] . Starting from a randomly designed DNA triangular origami, an optimal candidate is selected after thousands of negative and positive corrections by spatial structure and thermodynamic property analysis.
An overview of our designed DNA triangular origami in 120nm drawing by caDNAno is shown in Figure 1 . The shape of the DNA origami is determined by scaffold strand, which is in blue and composed of a certain number of small rectangular blocks. Each block is a double-strand DNA molecule, which consists of 8 basepairs. Scaffold strands are placed on rows above the ones with label even numbers, and staple strands (in different colors) are put on rows under the ones with label even numbers. The three-dimensional structures and thermodynamic properties of DNA triangular origami in 120nm by CanDo is shown in Figure 2 , in which from blue to dark red, the thermodynamic stability of DNA origami is decrement. It is found in Figure 2 that the DNA origami triangular has good thermodynamic stability. Particularly, few parts are in red and these red parts have no essential effect on the shape of the DNA origami.
In Figure 3 , AFM scanning images to DNA triangular origamis are shown. The image resolution is 500nm with analyzing radius 100nm. These images show that the triangular DNA origamis have well thermodynamic stability for assembling.
The practical size of DNA triangular origami is of practical size with radius 123nm. The practical sizes are mostly consistent as they are theoretically designed, and the results are obtained by Brucker Section Analysis, shown in Figure 4 .
Doxorubicin loading rate analysis
The doxorubicin loading rates is analyzed by absorption spectroscopy measurement. Specifically, the value of absorption spectroscopy of doxorubicin solution on the point 480nm is set to be the initial concentration of doxorubicin, which is denoted by EC origin . After incubating with doxorubicin after certain hours, the 20nM absorption spectroscopy on the point 480nm of doxorubicin solution left after purifying DNA origami doxorubicin complex by YM-100 centrifugal ultrafiltration is taken as concentration of remaining doxorubicin. It is written as EC extra . The loading rate can be calculated by Equation (1) .
The experiments on testing doxorubicin loading rates start with testing values of EC origin with concentration of doxorubicin solution ranging from 0mM to 2mM with step-length 0.5mM. It is shown in Table 1 that the average value of Extinction Coefficient is 0.56737 with standard deviation (STDE) 0.000886.
The doxorubicin solution concentration linear calibration curve on 480nm is given Figure 5 , where the correlation coefficient of R2=0.9998.
We test loading rate of our designed DNA triangular origamis by incubating with doxorubicin in 12h, 24h, 48h and 72h, respectively. All the samples are tested in 2nM doxorubicin solution. Doxorubicin loading rates of the DNA origamis are shown in Figure 6 , where DNA double strands is in blue, and DNA triangular origami in size of 100nm is in grey.
It is shown in Figure 6 that doxorubicin loading rate efficiency of DNA origamis increases gradually with time. Incubating with doxorubicin in 48 hours, our designed triangular DNA origami holds loading rate above 60%, better than ordinary double stranded DNA loading rate (less than 30%).
Targeting A2780 ovarian cancer cells in vitro
In this section, we analyze the biocompatibility of our designed triangular DNA origamis. As well, the performance of penetrating and inhibiting the production of A2780 ovarian cancer cell are tested. 
Analysis of biocompatibility
The biocompatibility is tested by CCK-8 (Cell Counting Kit-8), which allows sensitive colorimetric assays for the determination of cell viability in cell proliferation and cytotoxicity assays. Here we show the biocompatibility tested by incubating the tested triangular DNA origamis in A2780 ovarian cancer cells solution in 24h, 48h and 72h, where the concentrations ranges are 0.1nM, 0.2nM, 0.4nM, 0.8nM, 1.6nM and 3.2nM. It is shown in Figure 7 , our designed triangular DNA origami has well biocompatibility with A2780 ovarian cancer cells, achieving cell viability above 65% by incubating into A2780 ovarian cancer cells solution in 24h, 48h and 72h.
Analysis of penetrating ability
Doxorubicin is a chemotherapy medication used to treat cancer, which is known to be fluorescent. Doxorubicin fluorescence is quenched by binding to DNA. It is visible in fluorescence microscope by orangey-red in [29] . DAPI is a fluorescent stain that binds strongly to A-T rich regions in DNA, which is used extensively in fluorescence microscopy. It is shown by fluorescence microscope images in Figure 8 the uptake of 0.5μM triangular DNA origami loading doxorubicin and 0.5μM doxorubicin by A2780 ovarian cancer cells. This indicates our designed triangular DNA origami uptake doxorubicin performs better than doxorubicin penetrating into A2780 ovarian cancer cells, i.e., combined with DNA triangular origamis can help doxorubicin penetrating into cells.
It can be obtained from Figure 8 that with help of our designed triangular DNA origami, that is, as a doxorubicin delivering tool, doxorubicin can penetrate into cells with better performance. 
Inhibiting A2780 ovarian cancer cells in vitro
We test the inhibiting effect on the production of A2780 ovarian cancer cells by tracking the spectral absorptance of cells, which represents the numbers of cells, ranging from 1 day to 7 days in concentrations 0.4μM and 0.8μM. The cell proliferation results by CCK-8 and inhibition of clone formation are shown in Figures  9 and 10 .
It is obtained that the complex of our designed triangular DNA Origami and doxorubicin is much more efficient than doxorubicin in inhabiting A2780 ovarian cancer. With concentration 0.8μM, 30% more A2780 ovarian cancer cells can be inhibited in production in 7 days comparing with using only doxorubicin. If the concentration is set to be 0.4μM, the inhibiting production of A2780 ovarian cancer cells is about10% more than using only doxorubicin in 7 days.
CONCLUSION AND DISCUSSION
In this work, a programming triangular DNA origami in size of around 120nm is developed with M13mp18 DNA strand scaffold propagated in E. coli ER2738. The proposed triangular DNA origamis are of size 123nm by Brucker Section Analysis, which is accordance with the experimentally designed size. Our designed triangular DNA origami is with desired thermodynamic stability by AFM scanning images, and also perform well of having biocompatibility with 65% cell viability. As a novel nanoscale drug cargo, the proposed triangular DNA origami can load doxorubicin at rate above 60%, which is much higher than simple double DNA strands. It is obtained that the complex of our designed triangular DNA origami and doxorubicin is can target A2780 ovarian cancer cell, that is, inhibiting production of A2780 ovarian cancer cells. It is much more efficient in prohibiting the production of A2780 ovarian cancer cells than using only doxorubicin. Therefore, the proposed triangular DNA origami in 120nm provides an efficient nanoscale drug delivering systems for inhibiting the reproduction of ovarian cancer cells in vitro with DNA nanotechnology.
For future works, it is of interests to develop novel DNA origami with smaller sizes and acceptable stability to delivery drugs in nanoscale. The balance between the size and stability is the elemental problem. As well, it needs to compare the performance of different DNA origamis in delivering particular drugs.
Bioinformatics focuses on dealing with biological data, such as genome, DNA sequences, RNA and gene networks with computers, see e.g. DNA processing [34] , microRNA [35, 36] . Bio-computing, also known as biomolecular computing, whose purpose is using molecular, DNA or RNA to do computation by constructing molecular level computing devices, such as probe machine [37] . It would be of interests if biological data can be processed by bio-computing devices in the near future. 
